Introduction
Psychogenic non-epileptic seizures (PNES) are seizures that look like epileptic seizures but are not caused by sudden abnormal electrical discharges in the brain. The nature of the symptoms associated with PNES (seemingly neurological yet in fact psychogenic) requires the engagement of a multidisciplinary health team in order to achieve the proper diagnosis and treatment of the patient. Early correct diagnosis is often elusive taking an average of 7.2 years to be reached [1] . Iatrogenic complications may occur when the condition is misdiagnosed and treated with incorrect pharmacological agents over the years. In fact, an estimated 75% of PNES patients are unnecessarily prescribed anti-epileptic drugs (AEDs) prior to receiving the correct diagnosis [2] and some even die during unnecessary medical interventions for prolonged episodes [3] . PNESs have been associated with very poor quality of life, high rates of disability, and excessive medical utilization [4] .
The misconceptions held by numerous professionals regarding PNES itself about the voluntary nature of the psychogenic episodes, prognosis, and treatment options [5] add to the considerable obstacles patients face. Health professionals who are unfamiliar with the condition, are obviously less able to provide patients with useful information. Understandably, this often contributes to persisting seizures and unaddressed psychological problems. Clinicians have been noted to experience some confusion as to whether neurologists or psychiatrists are responsible for the treatment of the patient with PNES [6] . Patients are left feeling confused about their diagnosis and unsure about the recommendations [7] . When patients do reach out to a mental health professional, it is not uncommon to encounter resistance from Purpose: The nature of the symptoms associated with PNES require a multidisciplinary health team. There are too few professionals with an adequate understanding of PNES and therefore many are not able to provide patients with necessary information. In the age of the internet, it is not surprising that patients or caregivers might look for answers online. The purpose of this project was to investigate the online representation of PNES and search frequency for PNES and its associated terms. Methods: To determine online representation, searches of: Google1, twitter1, YouTube1, and Instagram1 for ''PNES'' and associated terms were conducted. Websites, tweets, and films were classified by host and exclusivity of information. PNES and associated terms search frequency was determined through Google Trends1. Results: Professional and patient sites exclusively about PNES were outnumbered by sites that only mentioned PNES in fewer than three posts. Patients tended to favor less traditional hosting options than did professionals. On twitter1, different keyword preferences were identified for professionals and patients. On YouTube1 there was a substantial selection of videos of which 22 were professionally produced. Google Trends1, revealed the terms most commonly used to search for this topic were in order: (1) ''PNES;'' (2) ''NEAD;'' and (3) ''pseudoseizure.'' Conclusion: A variety of professional and patient internet content about PNES can be found online. Professional sites offered accurate and empirically-validated information on the disorder and tended to use traditional hosting options. Future professional initiatives might consider novel hosting options and higher-frequency terms to reach their audience more effectively. these professionals due to unfamiliarity with the diagnosis, liability concerns (in the USA) regarding seizures in the office and doubts regarding the validity of the diagnosis and/or the volitional nature of the symptoms [8] [9] [10] . Therefore, in the age of the internet, it is not surprising that patients or caregivers may launch their own proactive online search behavior. Vulnerable populations, such as medical patients and the elderly, use the internet for social relationships, positive communication, a sense of community [11] , to reduce social isolation [12] , to obtain medical advice and access to better care and increased well-being, for suicide prevention [13] and to gain motivation to improve their lives [14] . Since emerging, the internet has been populated with an explosion of health information. ''E-Health'' is a broad term that refers to digital resources and practices that support health, enabling people to find information, communicate with providers, seek peer support, and manage chronic conditions [15] . With regards to epilepsy, Brigo et al. [16] found that Google and Wikipedia searches seem to serve the purpose to obtain information about seizure symptoms possibly for selfdiagnosis purposes, and that concerns about driving and work and news about celebrities with epilepsy may be major determinants in online searches [17, 18] . As for those with serious mental illness, they are increasingly turning to social media to share their illness experiences or seek advice from others with similar health conditions [19] . However, with the positives come the negatives including privacy concerns [20] , the breaching of ethical boundaries [21] and cyberbullying [22] and misinformation [23] . Medical professionals, tend to use the internet to communicate more easily [24] , disseminate health education and health-risk prevention campaigns [25] and to attract patients to their practice [26] .
In the last 5-10 years, numerous social media venues have emerged including Tumblr1 (a microblogging platform and social networking website launched in 2007 that allows users to post videos, pictures, and written content to a short-form blog), Reddit1 (an entertainment, social, news networking website launched in 2005 that is akin to an online bulletin board system), Facebook1 (a free social networking website launched in 2004 that allows registered users to create personal or professional pages, upload photos and videos, and send messages to ''friends''), The Experience Project (a free social networking website that ran from 2007 to 2016 in which members submitted personal stories, confessions, blogs, groups, photos, and videos), Pinterest1 (a photo sharing website launched in 2010), YouTube1 (a video sharing website launched in 2005), twitter1 (a social network service launched in 2006 that allows users to send messages of up to 140 characters) and Instagram (an online social networking service that allows users to share photos and videos on the application itself or through other social networking platforms).
The purpose of the present study was to examine the online representation of PNES on the varied existing internet options and the frequency of searches for PNES and its associated terminology using acronyms as well as whole words.
Methods
In order to determine on-line representation of PNES, we conducted four separate searches: (1) Google1, (2) twitter1, (3) Instagram1, and (4) YouTube1 for the following terms: ''pnes''; ''pseudoseizure''; ''nonepileptic''; ''stress seizure''; ''dissociative seizure''; ''nonepileptic attack disorder''; ''NEAD''; ''psychogenic seizure'' and ''psychogenic seizures''. The search for Google1, twitter1 and YouTube1 was conducted in January 2016 and Instagram1 was searched in May 2016. All links were active when checked in the second half of May 2016. All websites that appeared on the first three pages of Google1 and YouTube1 were recorded. The Google.com search engine produced hits for Facebook, Reddit, Wikipedia, Tumblr, etc. However, twitter1 as well as Instagram1 content did not show up which required that the twitter1 and Instagram1's internal search engines be used. Although some YouTube1 videos did appear on the basic Google1 search, we decided to examine YouTube with its internal search engine in order to collect a more comprehensive grouping of PNES-specific videos. Once the search hits were obtained, we separated the websites into categories: (1) professionally-hosted, (2) patient/ activist hosted, and (3) dually-hosted (professional and patient/ activist). The criteria to be considered a professionally-hosted website was that these were hosted by a medical center, individual health professional or foundation. The criteria for patient/activist hosted websites was that they were unaffiliated to any formal health institution. A third category was a dually professional/ patient/activist site that might be hosted by a formal health institution or by a patient advocacy group but in which the content was provided by both professionals and patients/advocates. The hosting source was determined by reading the ''About Us'' or ''Who we are'' tabs of each website.
As for twitter1, the first 60 tweets were recorded and the tweeters chosen name or hashtag handles that followed the tweet were used to identify whether the tweeter might be a professional. As for Instagram, we counted the total number of posts for each hashtag keyword. All posts that were public were examined but there are many posts that could not be accessed because they are ''private.'' Websites were then further classified into two categories: those that were exclusively about PNES and those that were only partially about PNES. The criteria used to classify the websites into one of these two categories was that those websites that had no more than three posts about PNES were considered ''not exclusive'' and those that had four or more posts about PNES or whose stated overarching mission was solely to highlight the topic of PNES were classified as ''exclusive.'' (See Table 1 .) Articles that were published in peer reviewed professional journals were excluded as access can be limited to those who have a subscription/payment and typically employ terminology that is not easily understood by the lay public. The only exceptions to this criteria of exclusion was made when a peer reviewed article was discussed on a website directed at the lay public (e.g. psychiatrictimes.com, science20.com).
In order to determine the frequency of searches for PNES and associated terms, numbers on Google Trends1 from 2004 through 2015 were tallied for the following words and abbreviations: ''pnes'', ''pseudoseizure'', ''nonepileptic'', ''stress seizure'', ''dissociative seizure'', ''nonepileptic attack disorder'', ''NEAD'', ''psychogenic seizure'' and ''psychogenic seizures''. January 2004 was chosen as a start date because this was the first documented appearance of a search term relating to PNES on Google Trends1. The procedure we implemented was to type in each of the terms mentioned above, one by one into Google Trends1. We then added up the monthly numbers to determine the yearly amount of searches for each term (Graph 1). It should be noted that when a keyword is searched for in Google Trends1, Google1 produces a graph showing the term's popularity over time in (nearly) real time. However, the numbers that appear show total searches for a term relative to the total number of searches done on Google1 over time. Google1 does not provide the absolute number of searches but rather an approximation.
Results

Google1 search results
The online representation of PNES (and associated terms)
An examination of online representation of PNES using all the terms described above revealed 76 professionally-hosted sites and 
PNES-exclusive vs. sites not exclusively dedicated to PNES
Professional sites that were exclusively about PNES (4) were far outnumbered by websites that only mentioned PNES in fewer than three posts (72). The exclusive sites hosted by professionals included definitions of the condition and answers to frequently asked questions (causes and treatment options).
Of the exclusive sites, the first listed in Table 1 , nonepilepticattacks.com is hosted by a multidisciplinary team of health professionals and provides the visitor with very comprehensive information about NEAD while also offering sub-links on self-help, downloadable forms and patients are invited to share personal testimonials. Other relevant issues to NEAD are also addressed including driving and social security benefits. The second site (nonepilepticseizures.com) provides the visitor with information about the PNES diagnostic and treatment center that hosts the site, lists PNES facts and offers downloadable materials. It also lists PNES treatment referral sites in 17 of the 50 states in the United States of America, announces upcoming PNES events and news stories, webinars, publications and poster presentations. The third is a blog (http://blog.nonepilepticseizures.com/) in which opinions about diagnosis, treatment and stigma/challenges of PNES and book or article reviews are discussed. Both the second and third sites are hosted by a clinical psychologist (LM). The fourth site (http://www.sheffield.ac.uk/polopoly_fs/1.125591!/file/ NEST_Patient-Booklet-Revised-v2-130511.pdf) is a 27 page booklet for patients which defines NEAD, its triggers, goes over how to explain NEAD to others, what to do in the event of an episode, treatments, and other associated issues (i.e. driving, benefits, tips, etc.). It was produced by the Nonepileptic Seizures Treatment Group (NEST) which is an interdisciplinary collaboration of clinicians and academics working in Sheffield, Manchester and Leeds, Great Britain.
Of the professional sites that were not exclusively dedicated to PNES but that had three or less posts, most were hosted by medical institutions, health websites for the general public or on news venues (e.g. Huffington Post). Epilepsy foundations, and websites that summarize health information for health providers (e.g. American Academy of Family Physicians) were also represented. Most tended to offer summarized information about PNES while news stories discussed awareness efforts and treatments that a particular patient might be receiving.
Sites created by patients and activists that were ''exclusively about'' PNES (11) were far outnumbered by sites that mentioned PNES in less than three mentions/posts (43). Of the exclusive sites, nine were blogs in which the writer's opinions and experiences, and helpful tips were shared. Another website (www. nonepilepticattackdisorder.org.uk/) offered information about NEAD (verified by medical professionals), news stories, support groups, links, videos, and a blog. There was also one video (goanimate.com/videos/00EJLjGeWRH4) that explained PNES through a cartoon.
Of the patient sites that were not exclusively dedicated to PNES, most were serving the purpose of raising awareness and fostering a connection with other PNES patients and the caregiver community.
Web hosting options
Professionally-hosted websites tended to use more traditional hosting options (i.e. classic website design). Only one utilized Facebook (Table 1) . Patients/activists tended to utilize a much wider variety of social media website options (Table 2) . These included Tumblr1, Reddit1, Facebook1, The Experience Project, Instagram1 and Pinterest1.
twitter1 results
PNES (and associated terms) on twitter1
As for twitter1, although we noted the first 60 tweets for each keyword often only a minority of tweets were found to actually refer to the health condition we were investigating. Misspellings and use of the acronyms for other purposes or meanings were the cause of this. A total of 260 tweets that clearly referred to PNES and its associated terms were identified (Fig. 1) . 
Professional and patient/advocate tweets by keyword on twitter1
There was a nearly equal representation of self-identified professionals including emergency room staff, physicians, emergency medical personnel, and nurses) and patient/advocate tweets when searching for the following keywords: ''non-epileptic seizures'', ''pseudoseizures,'' ''psychogenic seizure'' and ''PNES''. There was a much higher representation of tweets by nonprofessionals/patients when searching for the following keywords: ''dissociative seizures,'' ''non-epileptic attack disorder,'' and ''stress seizure.'' Tweets from professionals were higher in number than tweets by non-professionals for the term ''psychogenic seizures.'' With the exception of tweets using the keyword ''pseudoseizures,'' self-identified professionals tended to tweet announcements about their recent publications on PNES. However, self-identified professional tweets using the keyword ''pseudoseizures'' revealed tweets that were pejorative and negatively biased when describing PNES patients. A disturbing number of these tweets tended to suggest that malingering was the cause of the seizures, it was distasteful to work with patients suspected of having PNES, and scoffed at the seizure semiology and the patients' behaviors. Language was extremely coarse and offensive in some of these tweets.
YouTube1 results
PNES (and associated keywords) on YouTube1
With regards to YouTube1 (a video sharing on-line site) a substantial selection of videos (total of 67) and channels (13) were identified (Table 3 ).
Professional and patient/advocate films on YouTube1
A total of 22 professional videos were found. With the exception of three, all professional videos were aimed at the general public and typically provided (1) a definition of PNES, (2) explanations of association between stress (sometimes trauma) and seizures, (3) discussions about diagnostic procedures, and (4) brief descriptions of treatment options. Two of the professionally hosted videos for the general public were unique in that one featured the President of the American Epilepsy Society explaining the results of a recent peer reviewed article on PNES in lay terms and a second one was part of a BBC news story that featured a NEAD foundation in Great Britain and featured a neurologist explaining the condition. Three of the 22 professionally-made videos were aimed at a professional audience; two featured experts discussing the bioethics of adult and pediatric PNES and one was a webinar directed at psychologists overviewing definitions, empirically validated treatment options, and instructions on how to deal with seizures in a therapy office. Of the seven professional videos with the most views (100,300-11,604 views), all but one featured one or several doctors providing education and overviews on PNES diagnosis and treatment. The one exception featured the NEADTrust (a former patient advocacy organization) on a BBC program in which one doctor briefly explained the potential causes of NEAD and patients described living with their condition.
A total of 45 videos and 13 channels made by patients/ advocates were identified. Channels include numerous videos that are catalogued under a particular topic by one host and offer the possibility of subscribing. Fourteen of the 45 patient/activist videos featured a patient being filmed while having a seizure (one was of a child). The majority of patient/activist videos (35/49) featured someone living with PNES offering their personal understanding of PNES, attempting to explain what it feels like to lose control of one's body, sharing personal tips on what has proven helpful to the speaker (e.g. eliminating stimulants, use of meditation, exercise), and underscoring the importance of raising awareness. A few videos also spoke of mistreatment by medical staff and frustration with health professionals' lack of knowledge regarding this condition. One video was different than the rest in that it featured an awareness raising challenge called the ''Seizures Suck Challenge'' involving sucking a lemon to show how awful it is to have these seizures and designating another person to continue the challenge. Of the seven patient videos with the most views (139,491-26,817 views), five were of a person being filmed while having a seizure that was described as psychogenic, one featured a young girl speaking about ''how to make the shakes go away'' and one featured a young woman thoroughly explaining how she came to be diagnosed and treated for PNES.
Instagram1 results
PNES (and associated keywords) on Instagram1
We were only able to examine the Instagram posts that were public. Since Instagram1 is a photo sharing platform, PNES and associated terms were mainly represented through images (e.g. awareness-raising posters and covers of books on PNES). The most common hashtag was ''#nead'' with 4331 posts. However, only one fourth of these were in fact related to non-epileptic attack disorder. This was followed by ''#pnes'' with a total of 1273 posts of which three fourths were related to ''psychogenic non-epileptic seizures.'' Third in frequency was ''#nonepilepticattackdisorder'' with 454 posts of which the majority were clearly related to this health condition. Only 38 ''#pseudoseizure'' tags and 30 ''#psychogen-icseizure'' and ''#psychogenicseizures'' tags were found to have been used. The tags ''#stressseizure and ''#dissociativeseizure'' were nearly completely absent.
Search frequency for PNES (and associated terms) as per Google Trends1
With regards to the search frequency of terms related to psychogenic non-epileptic seizures Google Trends1 revealed that consistently from 2004 until 2015, the most commonly searched term was ''PNES''. The second most common search keyword was ''NEAD'' beginning in 2007 and surpassing ''PNES'' in 2013 and 2014; in 2015 however ''NEAD'' searches fall slightly below ''PNES'' again. Keyword search rates are then followed by the following terms: ''pseudoseizure'', ''stress seizure'' and ''nonepileptic,'' with all of these resulting in similar search numbers. ''Psychogenic seizure'' and ''psychogenic seizures'' were consistently the least searched for keywords and ''dissociative seizure'' and ''non epileptic attack disorder'' searches were so low as to not appear in Google Trends1.
Discussion
The objective of this study was to examine the representation of PNES on the internet and online search frequency for this health condition. A recent publication by Vaidya-Mathur et al. [27] examined socialization preferences in 141 patients diagnosed with PNES. Almost 80% of the responders stated they used the computer daily or weekly, with 51% reporting that they used the computer daily to socialize. These numbers suggest that the internet could be a useful tool to reach the patient community for the dissemination of information.
Our examination of the internet for PNES and associated terms revealed that there is already a sizeable amount of information to be found on this health condition in a variety of mediums. Professionals are hosting PNES content in both exclusive and nonexclusive PNES websites, in YouTube videos, and in one Facebook1 page. Professional associations have been found to publish trustworthy and high-quality health information [28] so it is not surprising that of the four professional websites directed at a lay audience exclusively dedicated to PNES, all appeared to be providing very comprehensive and quality information. These websites were readily available through a Google search which suggests that there is a good chance that patients will run across them when looking for information on this condition.
Although our search did not produce any websites dedicated to providing educational material and information on PNES exclusively for professionals, it was brought to our attention that there is a booklet for professionals that can be found by using keywords ''NEST'' and ''Sheffield. Since health professionals increasingly obtain information and education from the internet [29] it would seem wise to optimize this booklet for search engine use and to produce additional updated educational materials for professionals.
Websites with professionally-produced content that were not exclusively about PNES were much more prevalent. Medical institutions, health websites for the general public, news venues (e.g. Huffington Post), and epilepsy foundations were most frequently the hosts. These non-exclusive sites seemed to be serving the important purpose of permeating the internet with general concepts and facts about PNES.
Professional websites exclusively focused on PNES tended to rely on traditional hosting options (classic website design) with the exception of only one that used Facebook1. In the future, professionals may want to venture out of the traditional territory and begin utilizing some of the other choices that are available online. Shpigelman and Gill [30] have reported that people with disabilities use Facebook1 as much as others and that they use this modality to primarily connect with their non-disabled Facebook1 friends. Vaidya-Mathur et al. [27] found that a substantial number of patients with PNES (61%) reported that they relied on Facebook1 for computer-based social purposes. Facebook1, in particular lends itself to professional communication with the patient community because it allows the moderator to share information, news, research recruitment announcements, and more through posts and links while also being interactive. Potential drawbacks are however that it requires active participation by the moderator through regular postings, monitoring what other members may post on the page, and needing to respond to private messages sent by members.
Unfortunately, the Vaidya-Mathur [27] survey did not include many of the newer social media options including Tumblr1, Reddit1, etc. Our current investigation found that many of these are being actively used by patients. Because of their layout or minimalistic audio-visual requirements, Tumblr1, Pinterest1, Instagram1, and Reddit1 may be less useful for professional use. They do however seem well suited for the general public for the purpose of raising awareness and sharing resources.
Our investigation of twitter1 revealed that certain keywords are used much more by professionals (''psychogenic seizures'') and others more by patients (''dissociative seizures,'' ''non-epileptic attack disorder,'' and ''stress seizure''). Keywords that were used almost equally by professionals and patients included nonepileptic seizures'', ''pseudoseizures,'' ''psychogenic seizure'' and ''PNES.'' In that Vaidya's [27] survey of patients with PNES revealed that only 18% of patients reported using twitter1 so this may not be the most efficient medium to reach patients. In addition, because writers are limited to 140 characters, it is not possible to communicate extensive amounts of information. Based on our findings, professionals may not realize that twitter1 is not a closed medium and can be read by anyone. Our search revealed a number of tweets made by some who self-identified as health workers which were quite offensive and would be especially hurtful if read by a patient or caregiver.
The number of professional and patient-hosted YouTube1 videos we found supports that the growing trend to disseminate health information through YouTube1 is also evident with regards to PNES. As for the quality of the information that can be found on YouTube, there are pros and cons that need to be considered. Studies that have examined the quality of health information on YouTube1 have reported that videos do sometimes contain misleading health information [28, 31] . Specifically, with regards to videos designated as showing ''seizures,'' Cossburn and Smith [32] and Brna et al. [33] found that a minority of filmed seizures earned consensus from neurologist reviewers as accurately depicting what was described [33] . As could be expected, the 22 professionally-produced videos that our investigation identified provided accurate audio-visual explanations of PNES facts and empirically supported content. In contrast, patient videos varied greatly in terms of content and quality. For instance, some of the patient videos discussed treatment options that have not been empirically validated and opinions that may or may not be generalizable. An interesting future study might assess these videos systematically to determine quality. Quality control is important because these videos are easily accessed and the probability of a lay user finding such content and adopting what is depicted there for self-diagnosis or treatment purposes is relatively high. In the future, professionals seeking greater penetration into the field of online films might require production of higher quality and therefore costlier educational films.
Currently existing patient-hosted websites that were exclusively or not exclusively dedicated to PNES appeared to serve the purpose of ''peer to peer'' communication. The majority of the exclusive-PNES sites managed by patient/advocates were blogs in which personal opinions were expressed.
When professionals set about developing online materials about PNES, they may optimize searches by ensuring the content contains highest frequency search terms (i.e. PNES and NEAD). It is encouraging to see that ''pseudoseizures'' is in the 3rd place of search rates and gradually dropping (although it seems to have had a bit of a resurgence in 2015). Although this is now an outdated term with a potential to negatively impact patient-clinician rapport, Brigo et al. [34] noted that ''pseudoseizures'' still continue to appear in publications found in PubMed. The potential for ''pseudoseizures'' to be used hurtfully was observed when our twitter1 search revealed pejorative tweets that were apparently posted by self-identified health professionals while none of the other keywords revealed similarly aggressive tweets.
As with any study, there are limitations including one which is that we restricted ourselves to assessing Google Trends1 alone and did not examine other search engines. Another limitation is that we only reported search term frequencies (and left out ''functional seizures'') without examining information seeking behaviors and preferences and also searched for acronyms that may have different meanings and give false positives. We also limited ourselves to English while searches for psychogenic seizures in different languages might have revealed very different findings associated to cultural and linguistic variations. Finally, it is necessary to mention that the web is growing exponentially and it is therefore very likely that there may be other sites and mediums that we have missed.
In concluding, there is a large a variety of professional and patient-hosted internet content about PNES that can be found online. Social media and the internet are resources that are not only now well established in everyday life but also appear to be expanding rapidly. From a health perspective, the internet offers many promising opportunities for an interaction between the patients and professional communities.
